VACCINES EXPRESSED IN PLANTS 
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n»is is a Continuation-in-Part application of U.S. Serial No. 08/026,393 filed March 4, 1993. 

BACKGROUND OF TOE INVENTION 

niis invention relates generally to vaccines and more particularly to the production of oral 
vaccines in edible transgenic plants and the administration of the oral vaccines such as tiirough tiie 
consumption of the edible transgenic plants by humans and anunals. 

Diseases have been a plague on civUization for thousands of years, affecting not only man but 
animals. In economically advanced countries of tiie world, diseases are 1) temporarily disabling; 2) 
permanentiy disabling or crippling; or 3) fatal. In the lesser developed countries, diseases tend to fell 
into die latter two categories, permanentiy disabling or crippling and fetal, diie to many fectots, 
including a lack of preventative immunization and curative medicine. 

Vaccines are administered to humans and animals to induce tiieir immune systems to produce 
antibodies against viruses, bacteria, and other types of pathogenic organisms. In tiie economically, 
advanced countries of the world, vaccines have brought many diseases under control. In parti^ar,' 
many viral diseases are now prevented due to tiie development of unmunization programs. The 
virtual disappearance of smallpox, certainly, is an example of tiie effectiveness of a vaccine 
woridwide. But many vacdnes for such diseases as poliomyelitis, measles, mumps, rabies, foot and 
mouth, and hepatitis B are stiU too expensive for the lesser developed countries to provide to tiieir 
large human and animal populations. Lack of tiiese preventative measures for animal populations can 
worsM tiie human condition by creating food shortages. 

The lesser developed countries do not have flie monetary fends to immunize flidr populations 
witii currentiy avaUable vaccines. There is not only tiie cost of producing tiie vaccine but die furtiier 
cost of tiie professional administration of tiie vaccine. Also, some vaccines require multiple doses 

to maintain immunity. Tlioefore, often, the countries fliat need tfie vaoanes die most can affi)rd tii^ 
die least 

Underlying die development of any vaccine is tiie abUity to grow die disease causing agent 
in large quantities. At die present, vaccines are usually produced fiom kOled or live attenuated 
patiiogens. If die padipgen is a virus, large amounts of die virus must be grown in an animal Jiost : 
or cultured animal cells. If a live attenuated virus is utilized, it must be clearly proven to lack 
virulence whUe retaining tiie abUlty to establish infection and Induce humoral and cellular immunity. . 
If a kUled virus Is utilized, die vaccine must demonstrate die capacity of surviving antigens to Induce 
immunization. Additionally, surface antigens, die major viral particles which induce immunity, may 
be isolated and administered to proffer immunity in lieu of utilizing live attenuated or kflled viruses. 



Vaccine manufacturers often employ complex technology entailing high costs for both the 
development and production of the vaccine. Concentration and purification of the vaccine is required 
whether it is made from the whole bacteria, virus, other pathogenic organism or a sub-«nit thereof 
•Hie high cost of purifying a vaccine in accordance with Food and Drxig Administration (FDA) 
regulations makes oral vaccines prohibitively expensive to produce because they require ten to fifty 
times more than the regular quantity of vaccine per dose than a vaccine which is parenterally 
administered. Of all ti,e viral vaccines being produced today only a few are being produced as oral 



vaccines. 



According to FDA guidelines, efficacy of vaccines for humans must be demonstrated in 
animals by antibody development and by resistance to infection and disease upon challenge widi the 
pa&ogen. When the safety and immunogenicity levels are satisfectoty. FDA clinical studies are then 
conducted in humans. A small carefully controlled group of volunteers are enlisted from the general 
3 population to begin human trials. This begins the long and expensive process of testing which takes 
J before it can be detennined whether the vaccine can be given to the generf If^e 
trials are successful, the vaccine may then be mass produced and sold to the public. 

Even after these precautions are taken, problems can arise. With the kOled virus vaccines 
there is always a chance that one of the live viruses has survived and vaccination may lead to isolated 
cases of the disease. Moreover, since both the killed and live attenuated types of virus vaccines are 
made from viruses grown in animal host cells, the vaccines are sometimes contaminated wifli cellular 
material from the animal host which can cause adverse, sometimes fetal, reactions in the vaccine" 
recipient Legal liability of the vaccine manufecturer for those who are banned by a rare adverse 
reaction to a new or improved vaccine necessitates expensive insurance which ultimately adds to the ' 
cost of the vaccine. 

Some vaccines have odier disadvantages. Vaccines prepared fiom whole killed virus generally 
stimulate the development of circulating antibodies QgM. IgG) thereby conferring a limited 
of immunity which usually requires boosting through the administration of additional doses of vaccine 
at specific time intervals. Uve attemiated viral vaccines. whHe much more effective, have limited 
shdf^ife and storage problems requiring maintaining vaccine refrigeration during aaWery to the 
field.' 

Efforts today are being made to produce less expensive vaccines which can be administered 
in a less costly mamier. Recombinants or mutants can be produced that serve In place of live virus 
vaccines. The development of specific deletion mutants that alter the virus, but do not inactivate it. 
yield vaccines that can replicate but cannot revert to virulence. 

Recombinant DNA techniques «e being developed to insert the gene codlAg for the 
immunfeing protein of one virus into the genome of a second, aviiulent virus type that can be 
administered as the vaccine. Recombinant vaccines may be prepared by means of a vector virus such 



as vaccinia vi„„ or by of j™. vee«,„ ■„ Jf „„, ^.^^^ 

vum« b». baa«ia as well. A live recombi^m hepatitis A «>ccln. has b«n „„sm,c,ed using 
allenuated MmsaieUs QEbiaaiBBE as the deliveor vector via onU administratioi. ■ 

Various .v,n,l«,tvin^ have b«=n used as vector. gene for h^atitis B surfece amigen 
(HBsAg) has been introduced imo a g«K non^U.1 for vaccinU replication. n,e ^suiting 
recotnbinam vi™s has dicited an response to the hepatitis B vlnts u, test aninuds 

Additionally. res«>rchers have nsed attenuated bacterial cdls for exp,«si.g hepatitis B antig«, for 
oral tounuuization. In,po,tu,ti,. when whole cell att«n,a.ed Sa,nu.^u. expressing recombinant 
h^attus antigen were fed to mice, anti-viral T and B cell inunun. responses were observed Hese 
responses were generated after a single oral imnuunration with the bacterial cdls resulting in high- 
ttets of the antibody. See, e.g.. -Expression of hepatitis B virus antigens in at.«,uated Stf»,<«.«. 
forotal taunudzadon.- P. Schodd and H. WUI.Ser. Mc^w.. ,4I:83I«7(I9<>0). Oti.ersb«,. 
_ had similar «.cc.ss wid. ond administration ro«es for recombinant hepatitis antigens See e g 
;g UX,. Utbeck « a... ■ImmmK.genicity and efBdacy t«ting to chmvanxees of an otal hepatitis B 
!« «u=cme bas«I on live recombina« ad«Knnrus,- P^. Aw. Aca4. ScL 86:6763^67 (.989)- S 
jj Kuriyama, « ,1.. -Enhancing effects of oral adj.«mts on anti-HBs resp«,ses toduc«. by hepatii B 
^1 vaccine," Oin. £jp. Immunol 72:383-389 (1988). 

m Other vinis vector, may possess lax^e genomes. e.g. the herpesvirus. n.e oral adenovirus 

V^. has been modified so that U carries the HBsAg immunizing gene of the hepatitis B virus 
jjj Chimenc polio virus vaccines have been constructed of which the completely avirulent type 1 virus^ ' 
j^, acts as a vector for the gene carrying the immunizing VPl gene of type 3.> 

g >»-«'^ty to a pathogenic infection is bas^ . 

specific antigens located on the surface of a pathogenic organism. For enveloped viruses, the 
iniportantantigensarethesurfaceglycoproteins. Glyco^ation of viral surfece glycoproteins is not 
ah^ys essential for antigenicity.' Unglycosylated hetpesvirus proteins synthesized in bacteria have 
been dK,M^ to produce neutializipg antibodies in test ani^^ However, where recombinant antigens 
such as HBsAg are produced in organisms requiring complex fermentative processes and madimeiy 
the costs and access can be prohibitive. 

Viral genes which code for a specific surfece antigen that produces immunity to humans or 
«umals. can be cloned toto plasmids. n,e doned DNA can then be expressed to prokaryotic or 
eukaryotic celU if appropriately e^gtoeered constructions are used. Ite toununiztag antigens of 
h^tis B virus.' foot and mouth.' rabies virus, heq^es stoiplex virus, and the influenza virus have 
been successfully synthesized to bacteria or yeast cells.' 

Antoud and human subjects tofected by a pathogen present an tounune response ^en 
.5 overcomtog the tovadtog microorganism. Ibey do so by toitiattog at least one of three branches of 
the mmnme system: mucosal, humoral or cellular. Mucosal tommnity results from the production 



of s«r«oo- IgA an,ibodi« i„ U,e .«,«i„„ ^ ,„^,^ .„ 

g«roin.«ta.l «a. U,e g»i»„™^ ^ ^ ^ ^ ^ ^ 

NY Acad. Sci.«9.409 (,983). Mucosa, anUbod,« ac, .0 pr=v«„ colontaion of me paa„ge„ „„ 
■»«co.a,surt,«s,h»s«>ablishingaflrs„i„eofd.fe„seagai„s.i„vasio„. •n,cp„».„c«„„„,„„<^„ 
. a^Ubodies can b. uutiated b, eid.„ ,„cal i„™™i«i„. .f feretory gland „ „ ^, 
presenoUon of *e an,i£«, ,„ eid,er to g„,-assocU.ed lymphoid tiss.es (GALT; Peyer's ratches) or 
ft. bronchial-associa.*, l,„,pboid tissue (BALD. CAra. JJ. e, a,. Cold Spring Harbor Svn» 
0«n. Bio,. 4,:2,0 (1976); Bienens-ock. ,.M.. Adv. Exp. M^. BW. ,07:53 (.,78,- W^' 

28.n.(I983). Hun„r,I,mmumfl,,on,he«he,hand.resu„sfromfl,ep™duction„flgOandIgM 
•aUbodies to to sennn. precipteing pbagocyK«is of tavading pafl,„gens. neumUiration of vin«« 
or complementMnedialed cytotoxicity against to pathogen. See. Hood et al supra 
„ Othm l«ve not«l d>a. to induction of senun or mucosa, «,tibody response. ,„ „r.|,y 

I .*»«.««od antigens. howe«r.„., be ptoblenutic. Generally, such oral «l,ni.istrati„n r«^ir« 
i; "trV?'""*" "O" Of to antigen tot is actuaHy absotbcT^^ 

J«.ofd«tngannn«n„»,«ponseis„s„a,lylow. -H-us, to a^un. of antig«, retired for oral 
p «'"™ogen.ra,,y far exceeds ti«,e^lr«,fc,p.,e.,ecaladnunis«^ de Aizpurua and 
■ "on«.J.Exp.M«..,6,:44<M5,(,988,. However, 1, has bee. found to. to syst^nic and 
J . nuoosal mnnune systems n.y be stin.ula,«i by feeding low doses of c««,to classes of ptoteins in 
; ^^lar. U,is may be achieve, with p^telns which share to property of being ^1. „ 
, ™iy to vanous glycolipids and giycoprcetos loct«l on to surfece of to cells on to m«c«»l 
; -^brane. Such protetos. called -mucosa, immunogens" have been f«.nd to todude vira, antigens . 
»d. «v^,»na,glutinto. Mo«>ver. d««.spo.s. experime«s comparing oral with int«mus«lar 
-mnnstrato. ,.v«Ued to. or- pr.s««aaon of «„a>s., i„mu»>gens «s r^naricbly «Bcl„. in 

nly sightly lower than tte dictod by i«r»nuscu,.r injection of to mucosal immunogea de 
Aapurua and Russdl-Jooes, supra. * 

*-,ytobn^,,yc„s,.at.d«rtc.p.o.ei.s».tomu««a,m«nb.anew.s«leastp 
kjr ti» mh,b.,«,. of mu««, ^«ke of tos. n„«»sa, immunogens by c«ttin bigh levds of toe. 
^fic».g..s (galactose, laaos. or «„biu,l). OU,.r «.ga«, tactos. (to principal a.gar found in 
"»»y Pl«« ftute) mamws. .nd melibiose. did no, inhibit mucosal tamunogens bom didting 
Mtlbodies. d.Aiapnru.aBdR.«elMones.«.p,a. C»« have fou«I that c««dn sogar, ,n.y to 
*«. boos, responses to to bwd.^; S.e,^g., -Boated Mucosal Immune R«p«,siv«^ 

«. to htestine by Activdy Tr.«pc^ S. Zhang O.A. Castt.. 0<m,^ 

««qx«f for publication). ■vtnxrm.. 



Rec«„ advances to g»,«Ic engineering have p^vided U,e ,e,„i.i,e «k„s ,o «„sf„™ plane 
.0 co«3.n fo^lp, Plane d,a, contain fte tt^8«,e i„ a., can ften be regen^a*, «„. can 
yf« a,. .ransgene .o e,eir oftpring in a Mendeiian fashion.- BoO, nonoco^leden^e ^ 
d,co.ylede„o,„ p,a„s have been subl, Tanstaed: For exan,p,e, „bacco, pouS and ,on,a«, plane 
ar. bu. a f«v of Ae dico,yl«le„ous plants which have been .ransfonned by Coning a g«,e which 
encodes ihe expression of 5^nolp,nivyl-shikimate-3-phosphate synthase.' 

Plan, uansfonnation and regeneraUon in dico^ledons by AgniMasmn! m«^<im (A. 
am^l.wel,do«,n,e™od.Tl,eappHcationofthe4gM=^ 
leaf d«c tntnsfonnation method' pcmtie efficiem gene tr^fer. sdectlon and regeneration 

Monocotyledons have aUo been found to b. capable of genetic ,r.„sf„m,aUon by 
AilStemm u well as by odier methods sach as dir« PNA uptake m«liated by PEG 

(P0ly.d.yl«« glycol), or elect^-poration. Successful transfer of foreign genes tato com' and rice •■ 
a «»«"-w'.e«»dsorgh„n>pro,oplastshasbe«,denK.ns,nK«.. Rice plants hav* been rega^ratid 
J ^n. »^om«i aM tnnsfonned protoplasts. New „«hods such as nucroiniccUon and partic 
J bona»,d„ent ^ offer sin,pl.r ^ „„ nK,r. CHdent n«ans of trans»>nn«lon and r.g„.„,io. 
of monocotyledons.^* ^*uon 

: ''"™'«»">''°^"«'^8«^Pl«^ expressing bacterial antiga-s of Bdisidjgaai 

_ of arep,«.oca„ ^ t,^, ^ ^ ^ ^^^^ ^ ^ 

I However, untu the worit o, the present invemots. no transgenic plants had b«n coustructed 

^Zrr " " - ~- work Of the preset inventors no ~ 

su* pUne had been ««a„ed which were capable of expressing vital antigens capable of diciting .. 
"™u.eresponse.sa™„cos.lhn.™nog«. Mor«,ver, until the «rk reports! above no sud. plants - 
tad been ob«u»d capable of producing particles wtich we.» antigenically and ^hysicdly shnliar to 
«»nn«aa.ly .v.i,d,|. HBsAg vir,. «„ig..s derived ft«n hun,,. ^ „ ,«.„bh„n. ,«st. 

■»». 0, a.es. references provid«l flte possibDity of testing truly «„ble vaccines stac. dl 
t^^ were auri«. out h, the classical .obac«„es, .,s.en.s which plant tissues are routinely 
digested by man or animal. 

™'^"*«' '»<"Wro.d«,» obtaining lea «pe.sive«ri more accessible vac^ 
b« «J«p.ed. «^ r=nah» . .e«l ,„ ptovid. dten^K, .ou,c« of s^ 
l^cularly. .h«. ™n.i.s ,„ provide alternative «,u.c« ,f yacctoes which are tocrpora«I by 
^ w^tch are routindy tadnded In h..^ .„d anhnd dids. instance. whUe vaccines sud. L 
HBsAg have bed, produc«l using «,flgen partides derivdi troa, human sdun. and recombfaant y«« 
cdls. boti. «,urces re,uire gre«., expense ud provide lower .cessibility ,„ ted-nlcliy 
»-e,d««lop«l.ations. F««*«nnor^whne certain ba««id«Bg««.u.y be «,p,.ss«. in .ransg^ 
pUnls. until ti,. w«k of «.e ptesdtt tove«„rs h was unknown whdher «,tigd« assodated wifl, 
hutnan or dtinuU viruses could be express.! ta . fonn physicdiy aKl ..tigaticdiy dntilar », antig^ 



used in conunercial vaccines derived from l,uman serum or recombinant yeasts. Similarly, while it 
is now possible to produce such recombinant antigens in tobacco plants by virtue of the present 
inventors work, no such antigens have been produced in plants routinely included in human and 
animal diets. In particular, prior art approaches have failed to provide such commercially viable 
antigen from plants made to express transgenic hepatitis B viral antigens. Viral antigens, antirviral 
vaccines and transgenic plants expressing tht same as well as metiiods of making and using such 
compositions of matter are needed which provide inexpensive and highly accessible sources of such 
medicines in common diet plants of man and animal. 

SUMMARY OF THE INVENTION 
Recombinant viral antigens, anti-viral vaccines and transgenic plants expressing the same are 
provided by the present invention. These compositions of matter are demonstrated by the present 
invention to be made and used by the mediods of the invention in a mamier which is potentially less 

^expensive as well as more accessible to lower technological societies which rely chiefly on agricultural 

u mediods to provide essential raw materials. 

I More particulariy. the present mvention overcomes at least some of the disadvantages of tiie 

^ prior art by providing antigens pK)duced in edible transgenic plants which antigens are antigenically 
r and physically similar to those currentiy used in tiie manufacture of anti-viral vaccines derived fix>m 
^ human sen.m or recombinant yeasts. In a preferred embodiment, these compositions of matter and 
methods provide transgenic plants, recombinant viral antigens and anti-viral vaccines related to tfie 
causative agent of human and animal viral diseases. The diseases of particular interest are tiiose ^ 
diseases in which the vims possesses an antigen capable, in at least the native state of the vims, of 
eliciting immune responses, particulariy mucosal immune responses. In an embodiment of prefer«K» . 
the patiiogen from which the antigen is derived is tiie hepatitis pathogen, and'in plants which are' 
routinely included in human and animal di^. 

In one embodiment, the compositions of matter and methods of the invention relate to oral 
vaccines introduced by consumption of a transgenic plantnierived antiviral vaccine. Such a plant 
derived vaccine may take various forms including purified and partially purified plant derived viral 
antigen as well as whole plant, whole plant parts such as fruits, leaves, stems, tubers as well as cmde 
extracts of the plant or plant parts. In general, die preferred state of die oon^osition of matter which 
Is used to induce an Immune response O.e.. whole plant, plant part, cmde plant extract, partially 
purified antigen or extensively purified antigen) wUl depend upon die abQIty of die immunogen to 
elicit a mucosal response, die dosage level of die plant derived antigen required to elicit a mucosal 
response, and die need to overcome Interference of mucosal Immunity by odier substances In die 
chosen composition of matter O-e,, sugars, pyrogens, toxins). 

Hie present invention overcomes die deficiencies of die prior art by producing oral vaccines 
In one or more tissues of a transgenic plant, diereby avaUIng large human and animal populations of 



an inexpensive means of vaccine produaion and administration. In a preferred embodiment the edible 
fruit, juice, grain. leaves, tubers, stems, seeds, ixx)ts or other plant parts of the vaccine pitxlucing 
transgenic plant is ingested by a human or an animal thus providing a very inexpensive means of 
immunization against disease. In a preferred embodiinent, such plants will be plants routinely 
included in human and animal diets. Purification expense and adverse reactions inherent in existent 
vaccine production are thereby avoided. "n,e invention also provides a novel and inexpensive source 
of antigen for more traditional vaccine delivery modes. TTiese and other aspects of the present 
invention wUl become apparent from the following description and drawings. 

In one embodiment, the oral vaccine of the present invention is pnxluced in edible transgenic 
plants and then administered through the consumption of a part of tiiose edible plants. A DNA 
sequence encoding the expression of a surface antigen of a pathogen is isolated and ligated into a 
plasmid vector containing selection markers. A promoter which regulates the prxxluction of the 
surfece antigen in tiie transgenic plant is included in the same plasmid vector upstream fiom the 
surface antigen gene to ensure that the surface antigen is expressed m desired tissues of the plant. 
Preferably, ti,e foreign gene is expressed in a portion of the plant that is edible by humans or animals 
For some uses, such as with human infants, it is preferred that the edible food be a juice fiom the 
transgenic plant which can be taken orally. 

In anotiier embodiment, tiie vaccines (oral and otiierwise) are provided by deriving 
recombinant viral antigens from the transgenic plants of the invention in at least a semi-purified form 
prior to inclusion into a vaccine. The present invention produces vaccines inexpensively. Further.^ 
vaccines from transgenic plants can not only be produced in the increased quantity required for oral 
vaccines but can be administered orally, tfiereby also reducing cost. THe production of an oral - 
vaccine in edible transgenic plants may avoid much of the time and expense required for FDA 
approval and regulation relating to the purification of the vaccine. 

A principal advantage of the present invention is the humanitarian good which can be achieved 
through the production of inexpensive oral vaccines which can be used to vacdnate the populations 
of lesser developed countries who otherwise could not afford expensive oral vaccines manufactured 
under present methods or vaccines which require parenteral administration. 

Thus, the mvention provides for a recombinant mammalian viral protein exprcssed in a plant 
cell, which protein is known to didt an antigenic response in a mammal in at least the native state 
of the virus. Preferably, the recombuumt viral protein of the invention will also be one which is 
known to function as an antigen or immunogen (used interchangeably herein) as a recombinant protem 
when expressed in standard phannaceutical expression systems such as yeasts or bacteria or where 
liieviralproteinisrecoveredfrommammalianseraandshowntobeantigedc^ More preferably stUI. 
the antigenic/immunogenic protein of the invention will be a protein known to be 
antigenicTmrniunogenic when the protein as derived firom the native vinis, mammalian sen or from 



standard pharmaceutical expression systems, is used to induce the immune response through an oral 
mode of introduction. In its most preferred embodiment, the recombinant mammalian viral protein 
known to be antigenic in its native state, will be a protein which upon expression in the plant cells 
of the invention.-retains at least some ponion of the antigenicity it possesses in the native state or as 
recombinanUy expressed in standard pharmaceutical expression systems. 

nie immunogen of the invention is one derived from a mammalian virus and which is then 
expressed in a plant. In certain preferred embodiments, the mammalian virus from which the antigen 
u= derived will be a pathogenic virus of the mammal. Thus, it is anticipated that some of the most 
useful plant-expressed viral immunogens will be those derived from a pathogenic virus of a mammal 
such as a human. 

The immunogens of the invention are preferably pnxluced in plants where at least a portion 
of the plant is edible. For the puqxjses of this invention, an edible plant or portion thereof is one 
^ wh.ch is not toxic when ingested by the mammal to be treated with the vaccine produced in the plant 

0 THUS, for instance, many of the common food plants wUl be of particular utility when used in the 
2 compositions and methods of the invention. However, no nutritive value need be obtained when 
n mgestmg the plants of the mvention in order for such a plant to be included within the types of the 
; plants covered by the claimed invention. Moreover, in some cases, for instance in the domestic 

1 potato, a plant may still be considered edible as used herein, although some tissues of ti,e plant, but 
, not fte entire plant, may be toxic when ingested O-c. whUe potato tubers are not toxic and ti.us 
= ^'i°g-thb the definitions of the daimed invention, the fh.it of the potato is t^^^^ 

In such cases, such plants are stUl bcluded within the defbition of the claimed invention. 

The immunogen of the invention, in a preferred embodiment, is a mucosal immunogen For 
the purposes of the invention, a mucosal immunogen is an immunogen whic* has the abUity to 
spcaflcally prime the mucosal immune system. In a more highly preferml embodiment, the mucosal 
mununogens of the invention are those mucosal immunogens which prime the mucosal immune 
syst«n and/or stimulate thehumoral immune response in a dose^Iepeodent mam.er. without inducing 
systemic tolerance and without the need for excessive doses of antigen. Systemic tolerance is defined 
henan as . phenomenon occurring with certain «.tigens which are repeatedly fed to a mammal 
resulting In a specifically duninished subsequent anti-antigen response. Of course, while the 
imnumogens of the invention >^en used to imiuce a mucosal response may also induce a systemic 
tolerance, the same immunogen when introduced parenterally wfll typically retain its immunogenidty 
without developing tolerance. 

A mucosal response to the immunogens of the Invention is understood to include any response 
generated wbea the Immunogen bteracts with a mammalian mucosal membrane. Topically such 
membranes wUI be contacted whh the Immunogens of the invention through feeding of the 
Immunogen orally to a subject mammal. Using this route of imroduction of the Immunogen to the 



mucosal membranes provides access to the small intestine M cells which overlie the Peyer's Patches 
and other lymphoid clusters of the gut-associated lymphoid tissue (GALT). However, any mucosal 
membrane accessible for contact with the immunogens of the invention is specifically included within 
the definition of such membranes (e.g., mucosal membranes of the air passages accessible by 
inhaling, mucosal membranes of the terminal portions of the large intestine accessible by suppository, 
etc.). 

Thus, the immunogens of the invention may be used to induce both mucosal as well as 
humoral responses. Where the immunogens of the inv^tion are subjected to adequate levds of 
purification as fiirth^ described herein, these immunogens may be introduced parent^ly such as 
by muscular injection. SimUarly, while preferred embodiments of the invention include feeding of 
relatively unpurified immunogen preparations (e.g., portions of edible plants, purees of such portions 
of plants, etc.), the introduction of the immunogen to stimulate the mucosal response may equally 
well occur through first subjecting the plant source of the immunogen to various purification 
procedures detaUed herein or incoq>orated specifically by reference herein followed by introduction 
of sudi a purified immunogen through any of the modes discussed above for accessing the mucosal 
mraibranes. 

The recombinant immunogens of the invention may represent the entire amino acid sequence 
of the native unmunogen of the virus from which it is derived. However, in certain embodiments 
of the invention, the recombinant immunogen may represent only a portion of the native molecule's 
sequence. In either case, the immunogen may be fiised to another peptide, polypeptide or protein to 
form a chimeric protein. The fiision of the molecules is accon^)lished eiflier post-translationally 
tfiroughcovalentbondingofoneto another (e.g., covalent bonding of plant produced hq)atitisB viral - 
immunogen witfi >^1iole hen egg lysozyme) or pre-transiationally using recombinant DNA techniques 
(see e.g., supra discussion of poli virus vaccines), both of wbich methods are known well to those 
of skill in &e art 

In certain embodiments, the immunogen of the invention will be an immunogen d^ed from 
a hq)atitis vims. In particular embodiments, the hq)atitis B virus surface antigen wUl be selected. 
TTius, in a hi^y preferred embodiment, a viral mucosal immunogen derived fit>m a hepatitis virus 
is recombinantly expressed in a plant and is capable, in tfie native state of the virus or as a 
recombinant protein expressed in any standard pharmaceutical expression system, of eliciting an 
immune response, particulariy a mucosal inmiune response. 

In other embodiments of the invention, a transgenic plant comprising a plant expressing a 
recombinant viral immunogen derived from a mammalian virus is provided. For purposes of tfie 
invention, a transgenic plant Is a plant expressing in at least some of the cells of Ae plant a 
recombinant viral immunogen. The transgenic plant of the invention, in preferred embodiments, is 
an edible plant, where tfie immunogen Is a mucosal immunogen, or more preferably ^ere a mucosal 
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derived from a hepatitis virus. Thus, in a highly preferred embodiment, the food of the claimed 
invention will comprise at least a portion of a transgenic plant capable of being ingested for its 
nutritional value, where the plant expresses a recombinant viral mucosal immunogen of hepatitis 
virus, and where the mucosal immunogen is capable of binding a glycosylated inolecule on a surface 
of a membrane of a mucosal cell. In any case, the foods of the invention may be those portions of 
a plant including the fruit, leaves, stems, roots, or seeds of said plant. 

Of particular importance to the compositions and methods of the claimed invention are certain 
plasmid constructions useful in obtaining the plants, immunogens, vaccines, and foods of tiie 
invention. Thus, plasmid vectors for transforming a plant are claimed comprising a DNA sequence 
encoding a mammalian viral immunogen and a plant-ftmaional promoter opeiably linked to the DNA 
sequence capable of directing flie expression of the immunogen in said plant. In certain embodiments, 
the plasmid vector further comprises a selectable or scorable marker gene to facUitate the detection 
of the transformed cell or plant In certain embodunents, plasmid vector of the invention wUI 
comprise the plant promoter of cauliflower mosaic virus, CaMV35S. As with other compositions of 
matter described above, certain preferred embodiments of the plasmid vector of the invention wiU be 
those where the plant transformed by the plasmid vector is edible, or where the immunogen encoded 
by the plasmid vector is a mucosal immunogen, or more preferably where the immunogen encoded 
by the plasmid vector is capable of eliciting an immune response, particularly a mucosal immune 
response, in the native state of the virus or as derived from standard pharmaceutical expression 
systems, or where the encoded immunogen is a chimeric protein, or where the encoded immunogen^ 
Is an immunogen derived from a hepatitis vinis. Tbus, in a highly preferred embodiment, the plasmid 
vector of tfie invention usefiil for transformmg a plant comprises a DNA sequence encoding a mucosal 
immunogen of hepatitis virus, where the mucosal immunogen is capable of eliciting an immune 
response, particularly a mucosal immune response, in the native state of Ae virus or as derived from 
standard pharmaceutical expression systems and where a plant-ftmctional promoter is operably linked 
to the DNA sequence capable of directing die expression of Ae immunogen in the plant. In a very 
similar embodiment, tiie invention provides for DNA fragments usefiil for mlcropartide bombardment 
transformation of a plant. ' 

MeAods for constructing transgenic plant cells are also provided by tiie invention comprising 
die steps of constructing a plasmid vector or a DNA fragment by operably linldng a DNA sequrace 
encoding a viral immunogen to a plant-fiihctional promoter capable of directing the expression of the 
immunogen m tiie plant and tiien transforming a plant cell with the plasmid vector or DNA fragment. 
Where prefenced, the mediod may be extended to produce transgenic plants from the transformed cdls 
by including a stq> of re^enerating a transgenic plant from the transgenic plant cell, i ^.v-iii 

A method for produdng a vaccine is also provided by the daimed invention, comprising die 
steps of constnicting a plasmid vector or a DNA fragment by operably linking a DNA ,sequence ; 
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encoding a viral inununogen to a plant-functional promoter capable of directtn^te expression of the 
inununogra in the plant, transforming a plant cell with the plasmid vector or DN A fragment, and then 
recovering the inununogen expressed in the plant cell for use as a vaccine. Again, where preferred, 
the method provides for an additional step prior to recovering the inununogen for use as a vaccine, 
of regenerating a transgenic plant firom the transgenic plant cell. 

The recovery of the inununogen from the plant cell or whole plant may take several 
embodiments. In one such embodiment, the method of recovering the immunogen of the invention 
is accomplished by obtaining an extract of the plant cell or whole plant or portions thereof. In 
embodiments where whole plants are regenerated by the methods of the invention, the recovery step 
may comprise merely harvesting at least a portion of the transgenic plant. 

The methods of the invention provide for any of a number of transformation protocols in 
order to transform the plant cells and plants of the invention. While certain preferred embodiments 
described below utilize particular transformation protocols, it will be understood by those of skOl in 
Ae art that any transformation m^od may be utilized with in the definitions and scope of the 
invention. Such methods include microinjection, polyethylene glycol mediated uptake, and 
dectroporation. Thus, certain preferred mediods will utilize an Aprobacterium transformation system, 
in particular, wh^e the Agrobacterium system is an Agrobacterium tumefaciens -Tl plasmid systan. 
In other preferred methods, the plant cell is transformed utilizing a microparticle bombardment 
transformation system. 

Plants of particular interest in the methods of the invention include tomato plants and tobacco 
plants as will be described in more d^il in the exan^Ies to follow. However, it will be understood 
by diose of skill in the art of plant transformation tiiat a wide variety of plant species are amenable - 
to the methods of the invention. All such species are included within the definitions of the claimed 
invention including bodi dicotyledon as well as monocotyledon plants. 

As will be described in greater d^ail in the examples to follow, the m^ods of tiie Invention 
by which plants are transformed may utilize plasmid vectors wfaidi are binary vectors. In other 
embodiments, Ae methods of the invention may utilize plasmids which are integrative vectors. In 
m highly preferred embodiment, the methods of the invendon will utilize the plasmid vector pB121. 

Methods of administering any of the vaccines of tfie invention are also provided. In certain 
general embodiments, such methods comprise administering a thenqp^idc anu>unt of the vaccine to 
a manunal. In more specific embodiments, tihese mediods entail introduction of die vaccine either 
pamterally or non-parenterally into a mammalian subject Where a non-parentoal introduction mode 
is selected, certain preferred embodiments will comprise oral introduction of the vaccine into said 
mammal. Whichever mode of intioducdon of the vaccine to the mammalian subject Is sdectsed, it vnSl 
be understood by those skilled in the art of vaccination that the selected mode must achieve 
vaccination at ibe lowest dose possible in a dose-d^endent manner and by so doing elicit serum 
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and/or secretory antibodies against the immunogen of the vaccine with minimal induction of systemic 
tolerance. Where a mucosal route of vaccination is selected, care should be taken to introduce the 
vaccine into the gut lumen of the mammal at low dosages and in forms which minimize the 
simultaneous introduaion of interfering compounds such as galactose and galaaoserl ike saccharides. 

In preferred embodiments, methods are provided by the invention of administering an edible 
portion of a transgenic plant, which transgenic plant expresses a recombinant viral inmiunogen, to 
a mammal as an oral vaccine against a vims from which said immunogen is derived. These methods 
comprise harvesting at least an edible portion of the transgenic plant, and feeding the harvested plant 
or portion thereof to a manmial in a suitable amount to be therapeutically effective as an oral vaccine 
in the manmial. 

Similarly, the invention provides for methods of producing and administering an oral vaccine, 
comprising the steps of constructing a plasmid vector or DNA fragment by operably linking a DNA 
sequence encoding a viral immunogen to a plant-functional promoter capable of directing the 
expression of the immunogen in a plant, transferring the plasmid vector into a plant cell, regenerating 
a transgenic plant from the cdl, harvesting an edible portion of the regenerated transgenic plants, and 
feeding the edible portion of Ae plant to a manmial in a suitable amount to be therapeutically effective 
as an oral vaccine. It is this embodiment that will be of particular utility in underdeveloped countries 
committed to agricultural raw products as a main source of most necessities. 

Other objects and advantages of Ae invention will appear from the following description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

For a detailed description of the preferred embodiment of the invention, reference will now 
be made to the accompanying drawings \^iierein: 

Figure 1 is a diagranmiatic plasmid construct illustrating the construction of the plasmid 
vector pHVA-1 containing the HBsAg gene for producing tiie HBsAg antigen in a plant; and 

Figure 2 is a map of the coding sequence for two structural genes and their r^latory 
elements in the plasmid pHVA-l; and 

Figure 3 is a diagrammatic plasmid construct illustrating the construction of the plasmid 
vector pHBlOl containing Ae HBsAg gene for producing the HBsAg antigen in a plant; ami 

Figure 4 is a diagrammatic plasmid construct Ulustrating the construction of the plasmid 
vector pHB102 containmg the HBsAg gene for producing Ifae HBsAg antigen in a plant; and 

Figure S is a map of tfie coding sequence for tfiree structural genes and thdr regulatory 
elements in the plasmids pHBlOl and pHB102; and 

Figure 6A indicates ttie HBsAg mRNA levels in transgenic tobacco plants; and 

Figure 6B indicates the HBsAg protein leyds in transgenic tobacco plants; and 

Figure 7 is a micrograph of immunoaffinity purified rHBsAg with a corresponding 
histogram; and 
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Figure 8 is a sucrose density gradient sedimentation of HBsAg from transgenic tobacco; and 
Figure 9 is a buoyant density gradient sedimentation of HBsAg from transgenic tobacco. 
Figure 10 is an RNA blot of transformed tomato leaf. 
Figure 11 is a tissue blot of tomato leaves. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention has several components which include: using recombinant DNA 
techniques to create a plasmid veaor which contains a DNA segment encoding one or more antigenic 
proteins which confer immunity in a human or an animal to a particular disease and for the expression 
of antigenic protein(s) in desired tissues of a plant; selecting an appropriate host plant to receive the 
DNA segment encoding antigenic protein(s) and subsequently produce tfie antigenic protein(s); 
transferring the DNA segment encoding the antigenic protein(s) from die plasmid vector into the 
selected host plant; regenerating the transgenic plant thereby producing plants expressing the antigenic 
' protein(s) which functions as a vaccine(s); and administering an edible part of the transgenic plant 
containing the antigenic protdn(s) as an oral vaccine to either a human or an animal by the 
consumption of a transgenic plant part. The present invention thereby provides for tfie production 
of a transgenic plant which when consumed as food, at least in part, by a human or an animal causes 
an immune response. This response is characterized by resistance to a particular disease or diseases. 
The response is the result of the production in the transgenic plant of antigenic protein(s). The 
production of the antigenic protein(s) is the result of stable genetic integration into the transgenic plant 
f DNA regions designed to cause regulated e}q)ression of antigenic protein(s) in tiie transgenic plants. 

Vacdne(s) and Tlidr Administration 

The present invention may be used to produce any type vacdne effective in immunizing 
humans and animals against diseases. Viruses, bacteria, fiingi, and parasites tfiat cause disease in 
humans and animals can contain antigenic protdn(s) which can confer immunity in a human or an 
animal to tfie causative pathogen* A DNA sequence encoding any of these viral, bacterial, fungal or 
parasitic antigenic proteins may be used in the present invention. 

Mutant and variant forms of tfie DNA sequences encoding a antigenic prQtein ^icfa confers 
immunity to a particular virus, bacteria, fungus or parasite in an animal Qnduding humans) may also 
be utilfaced in this invention. Fbr example, expression vectors may contain DNA coding sequences 
v^icfa are altered so as to change one or more amino acid residues in the antigenic protein expressed 
in tibe plant, thereby altering the antigenicity of the expressed protdn. Expression vectors containing 
a DNA sequence encoding only a poxtion of an antigenic protein as dther a smaller p^de or as a 
component of a new chimeric fusion protein are also induded in tfiis invention. 
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The present invention is advanugeously used to produce viral vaccines for humans and 
animals. The following table sets forth a list of vaccines now used for the prevention of viral diseases 
in humans. 



Disease 
Poliomyelitis 

Measles 
Mumps 
Rubella 

Smallpox 
Yellow Fever 
Viral hepatitis B 

Influenza 

Rabies 

Adenoviral 
infections 

Japanese B 
encephalitis 



Source of Vaccine 

Tissue culture (human diploid cell line, monkey 
kidney) 

Tissue culture (chick embryo) 

Tissue culture (chick embryo) 

Tissue culture (dude embryo, rabbit, or human 
diploid) 

Lymph from calf or ^eep 

Tissue cultures and eggs 

Purified HBsAg from "health* carriers 
Recombinant HBsAg from yeast 

Highly purified or subvtral forms (chick 
embryo) 

Human diploid cdl cultures 
Human diploid cell cultures 

Tissue culture (hamster kidney) 



Condition of 
Virus 

live attrauated 
Killed 

Live attenuated 
Live attenuated 
Live attenuated 

Live vaccinia 

Live attenuated 

Live attenuated 
Subunit 

Killed 
Killed 

Live attenuated 
KiUed 



Route of 
Administration 

Oral 

Subcutaneous 
Subcutaneous 
Subcutaneous 
Subcutaneous 

Intradermal 

Subcutaneous 

Subcutaneous 
Subcutaneous 

Subcutaneous 

Subcutaneous 
Oral 

Subcutaneous 



Live attenuated Subcutaneous 



Varicella Human diploid cell cultures 

The present invttition is also advantageously used to produce vaccines for animals. Vaccines 
are available to inununize pets and production animals. Diseases such as: canine distemper, rabies, " 
canine hq)atitis, parvovirus, and feline leukemia may be controlled with proper inmiunization of pets. 
Viral vaccines for diseases such as: Newcastle, Rind^est, hog diolera, blue tongue and foot-mouth 
can control disease outbreaks in production animal populations, thereby avoiding large economic 
losses from disease deaths. Prevention of bacterial diseases in production animals such as: 
brucellosis, fowl diolera, anthrax and black leg througji the use of vacdnes has existed for many 
years. Today new recombinant DNA vaccines, e,g. rabies and foot and mouth, have been 
successfully produced in bacteria and yeast cdls and can facilitate the production of a purified vaccine 
containing only the inununizing antigen. Veterinary vaccines utilizing doned antigens for protozoans 
and hdminths promise rdief from parasitic infections ^icfa cripple and kill. 

The oral vaccine produced by die present invention is administered by the consumption of tiie 

foodstuff whidi has been produced from die transgenic plant producing the antigenic protein as the 

* ■ . .... 

vaccine. Tbe edible part of the plant is used as a dietary component while the vaccine is adnuxustered 
in the process. 
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I anlWs for the produaion of not only a single vacnic u 



The present invention an^s for the produaion of not only a single vacSIFin an edible plant 
but for a plurality of vaccines into one foodstuff, DNA sequences of multiple antigenic proteins can 
be included in the expression vector used for plant transformation, thereby causing the expression of 
multiple antigenic amino acid sequences in one transgenic plant. Alternatively, a plant may be 
sequentially or simultaneously transformed with a series of expression vectors, each of which contains 
DNA segments encoding one or more antigenic proteins. For example, there are five or six different 
types of influenza, each requu-mg a different vaccine. A transgenic plant expressing multiple 
antigenic protein sequences can simultaneously elicit an immune response to more than one of these 
strains, thereby giving disease immunity even though the most prevalent strain is not known in 
advance. 

Vaccines produced in accordance with the present invention may also be incori>orated into the 
feed of animals. This represents an important means to produce lower cost disease prevention for 
p^, production animals, and wild species. 

While the vaccmes of tfie preset invention will be preferably utilized directly as oral vaccines 
of the transgenic plant material, immunogenic compositions derived from the transgenic plant 
materials suitable for use as more traditional immune vaccines may be readily prepared fiom the 
transgenic plant mat^ials described herdn. Preferably, such immune compositions will comprise a 
material purified from the transgenic planL Purification of the antigen may take many forms known 
well to those of skill in the art, in particular such purifications will likdy track closely the purification 
tedmiques used successfully in obtaining viral antigen particles from recombinant yeasts 0-e., those^ 
containing HBsAg). In one embodiment, detailed in the examples to follow, HBsAg viral protein- 
containing partides, similar in many respects to those obtained from recombinant yeasts, were 
purified from transformed tobacco plants using a particular purification procedure. Whatever initial 
purification scheme is utilized, the purified material will also be extensivdy dialyzed to remove 
undesired small molecular wdgbt molecules 0.e., sugars, pyrogens) and/or lyophUization of the thus 
purified material for more ready formuladon into a desired vdiide. 

The preparation of vaccines is generally wdl understood in the art (e.g., those derived from 
fermentative yeast cdls known well in tiie art of vaccine manufacture cite to Valenzuda ^-al Nature 
298, 347-350 (1982), as exemplified by U.S. Patents 4,608,251; 4,601,903; 4,599,231; 4,599,230; 
4,596,792; and 4.578,770, all incoiporated herdn by reference. Typically, such vacdnes are 
prq»ared as injectables, dther as liquid solutions or suspensions. Solid forms suitable for solution 
in, or suspension in, liquid prior to injection may also be prepared. 

The preparation may also be emulsified. The active inununogenic ingredient is often mixed 
with exdpients ^ich are pharmaceutically accqitable and compatible with the active ingredieoL 
Suitable cxciplents are, for exan4)le, water, saline, dextrose, glycerol, etbanol, or the like and 
combinations thereof. In addition, if desired, tiie vaccine may contain minor amounts of auxiliary 
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substances such as wetting or emulsifying agents, pH buffering agents, or adjuvants which enhance 
the effectiveness of the vaccines. 

The vaccines are conventionally administered parenterally, by injection, for example, either 
subcutaneously or intramuscularly. Additional formulations which are suitable for other modes of 
administration include suppositories and, in some cases, oral formulations or aerosols. For 
suppositories, traditional binders and carriers may include, for example, polyalkalene glycols or 
triglycerides: such suppositories may be formed from mixtures containing the active ingredient in 
ttie range of 0.5% to 10%, preferably 1-2%. Oral formulations other than edible plant portions 
described in detail herein include such normally employed excipients as, for example, pharmaceutical 
grades of mannitol, lactose, stardi, magnesium stearate, sodium saccharine, cellulose, magnesium 
carbonate and the like. These compositions take the form of solutions, suspensions, tablets, pills, 
capsules, sustained release formulations or powders and conta'm 10-95% of active ingredient, 
preferably 25-70%. 

In many instances, it will be desirable to have multiple administrations of the vaccine, usually 
■ not exceeding six vaccinations, more usually not exceeding four vaccinations and prefwably one or 
more, usually at least about three vaccinations. The vaccinations will normally be at from two to 
twelve week intervals, more usually from three to five week int^als. Periodic boosters at intervals 
of 1-5 years, usually three years, will be desirable to mainta'm protective levels of the antibodies. 

The course of the immunization may be followed by assays for antibodies for the supernatant 
antigens. The assays may be performed by labeling with conventional labels, such as radionuclides, 
enzymes, fluorescers, and the like. These techniques are well known and may be found in a wide 
variety of patents, such as U.S. Patent Nos. 3,791,932; 4,174.384 and 3,949,064, as Ulustrative of 
these types of assays. 
Host Plant Selection 

A vari^ of plant species have been genetically transformed with foreign DNA, using several 
different gene insertive tedmiques.***^*^-^ Since important progress is bring made to done DNA 
coding regions for vaccine antigens for parasitic tropical diseases and v^erinary parasitic diseases""^ 
Ae present invention, will have important means of low cost production of vaccines in a form easily 
used for animal treatment 

Since many edible plants used by humans for food or as con^>onents of animal feed are 
dtcotyledenous plants, it is prcCwred to employ dicotyledons in the present invention, although 
monocotyledon transformation is also applicable especially in the production of certain grains useful 
for animal feed. 

The host plant selected for genetic transformation preferably has edible tissue in vMct the 
antigenic protdn, a protdnaceous substance, can be expressed. Thus, the antigenic protein Is 
expressed in a part of the plant, such as the fhiit, leaves, stems, seeds, or roots, whidi may be 
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consumed by a human or an animal for which the vaccine is intended. Although not preferred, a 
vaccine may be produced in a non-edible plant and administered by one of various other known 
methods of administering vaccines. 

Various other considerations are made in selecting the host plant. It is sometunes preferred 
that the edible tissue of the host plant not require heating prior to consumption since the heating may 
reduce the effectiveness of the vaccine for animal or human use. Also, since certain vaccines are 
most effective when administered in the human or animal infancy period, it is sometimes preferred 
that the host plant express the antigenic protein which will function as a vaccine in the form of a 
drinkable liquid. 

Plants which are suitable for the practice of the present invention include any dicotyledon and 
monocotyledon which is edible in part or in whole by a human or an animal such as, but not limited 
to, carrot, potato, apple, soybean, rice, com, berries such as strawberries and raspberries, banana and 
ottier such edible varices. It is particulariy advantageous in certain disease prevention fyr human 
infants to produce a vaccine in a juice for ease of administration to humans such as tomato juice, soy 
bean milk, carrot juice, or a juice made from a variety of berry types. Other foodstuffs for easy 
consumption might include dried fruit. 
Methods of Gene Transfer into Plants 

There are various methods of introducing foreign genes into both monocotyledenous and 
dicotyledenous plants,*^ ** The principle methods of causing stable integration of exogenous DNA 
into plant genomic DNA include the following approaches: 1) Agrobacterium - mediated gent 
transfer;**- ^ 2) direct DNA uptake,** including metfiods for direct uptake of DNA into 
protoplasts,* DNA uptake induced by brief electric shock of plant cells,^^*^ DNA injecdon into plant 
cells or tissues by particle bombardment,'*'**^ by the use of micropipette systems,**^^ or by the 
direa incubation of DNA with germinating pollen;*^** or 3) the use of plant virus as gene vectors.^ 

The Agrobacterium system includes the use of plasmid vectors that contain defined DNA 
segments that integrate into the plant genomic DNA. M ^ods of inoculation of the plant tissue vary 
dq>eoding upon the plant spedes and the A pt)bacterium delivery system. A widely used approach 
Is the leaf disc procedure vAiidx can be performed with any tissue explant that provides a good source 
for initiation of whole plant differentiation.^ The Agrobacterium system is especially viable in tiie 
creation of transgenic dicotyledenous j>lants. 

As listed above there are various methods of direct DNA transfer into plant cells. In 
electroporation, the protoplasts are briefly exposed to a strong electric field. In microinjection, the 
DNA is mechanically injected directiy into the cells using very small micropipettes. In microparticle 
bombardment, the DNA is adsorbed on microprojectiles sudi as magnesium sulfate crystals or 
tungsten particles, and the microprojectiles are physically accelerated Into cells or plant tissues. 
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The last principle method of vector transfer is the transmission of genetic material using 
modified plant viruses. DNA of interest is integrated into DNA viruses, and these viruses are used 
to infect plants at wound sites. 

In the preferred embodiment of the present invention, the Agrobacterium - Ti plasmid system 
is utilized.^ The tumor-inducing (Ti) plasmids of A^ tumefaciens contain a segment of plasmid DNA 
called transforming DNA (T-DNA) v/hidi is transferred to plant cells where it integrates into the plant 
host genome. The construction of the transformation vector system has two elements. First, a 
plasmid vector is constructed which replicates in Escherichia coli QE, ^jH). This plasmid contains 
the DNA encoding the protein of interest (an antigenic protdn in this invention); this DNA is flanked 
by T-DNA border sequences that define the points at which the DNA integrates into the plant 
genome. Usually a gene encoding a selectable iharker (sudi as a gene encoding resistance to an 
andbiotic sue* as Kanamycin) is also inserted between the left border (LB) and right border (RB) 
sequences; the expression of this gene in transformed plant cells gives a positive selection method to 
identify those plants or plant cells which have an integrated T-DNA r^on.*^ » The second dement 
of the process is to transfer the plasmid from oqH to Agrobacterium . This can be accomplished 
via a conjugation mating system, or by direct uptake of plasmid DNA by Agrt>bacterium . For 
subsequent transfer of the T-DNA to plants, the Agrobacterium str^n utUized must contain a set of 
inducible virulence (vir) genes vAxich are essential for T-DNA transfer to plant cells.^- ^ 

Those skilled in the art should recognize that there are multiple dioices of Agrobacterium 
strains and plasmid construction strategies that can be used to optimize genetic transformation of^ 
plants. They wfll also recognize that tumefaciens may not be Ae only Agrobacterium strain used. 
Other AgTQbacterium strams sudi as Ax rhizogenes might be more suitable in some applications. 

Methods of inoculation of the plant tissue vary depending upon the plant species and the 
AgrQb^cteryum delivery system. A very convenient approadi is the leaf disc procedure which can 
be perft)rmed with any tissue explant that provides a good source for initiation of whole plant 
differentiation. TTie addition of nurse tissue may be desirable under certam conditions. Other 
procedures such as the in vitro transformation of regenerating protoplasts witii Ai tumefaciens may 
be followed to obtain transformed plant cells as welU^ ^ 

This invention is not lunited to the Agrobacterium- Tl plasmid system but should include any 
direct physical method of introducing foreign DNA into Ac plant cells, transmission of genetic 
material by modified plant viruses, and any other method whiOx wpuld accomplish fordgn DNA 
transfer into the desired plant cells. 
Promoters 

Once the host plant has been seleaed and the mediod of gene transfer into the plant 
determined, a constitutive, a dcvelopmentally regulated, or a tissue specific promoter for the host 
plant is selected so that At foreign proiem is expressed m the desired part(s) of the plant 
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Promoters which ar^Thown or found to cause transcripUon of a fJHgn gene in plant cells 
can be used in the present invention. Such promoter may be obtamed from plants or viruses and 
include, but are not necessarily limited to: the 35S promoter of cauliflower mosaic virus (CaMV) 
(as used herein, the phrase "CaMV 35S' promoter includes variations of CaMV-35S promoter, e.g. 
promoters derived by means of ligations with operator regions, random or controlled mutagenesis, 
etc.): promoters of seed storage protein genes such as ZmalOKz or Zmagl2 (maize zein and glutelin 
genes, respectively), light-inducible genes such as ribulose bisphosphate carboxylase small subunit 
(rbcS), stress induced genes such as alcohol dehydrogenase (Adhl), or "housekeeping genes" that 
express in all cells (such as Zmaact, a maize actin gene).< « This invention can utilize promoters 
for genes which are known to give high expression in edible plant parts, such as the patatin gene 
promoter firom potato.** 

The plasmid constructed for plant transformation also usually contains a selectable or scorable 
marker gene. Numerous genes for this purpose have been identified.**-*' 

The following are examples of the production of a vacdne for hepatitis B in a host transgenic 
tomato and tobacco plant and arg presented to describe a preferred embodiment and tiie utility of the 
present invention but should not be construed as limiting the claims Aereof. 

TTie DNA coding sequence for the hepatitis B surface antigen was selected for expression in 
a transgenic plant as Hepatitis B virus is one of the most widespread viral infeaions of humans which 
causes acute and chronic hepatitis and heptocdlular carcinoma.'* Tomato and tobacco plants were 
sdeaed as tiie host plants to produce the hepatitis B recombmant surface antigen as examples of 
antigenic protein production in different plant parts. Expression of HbsAg in tobacco and tomato 
plants was accomplished by the method of Mason, H.S. Lam. and Amtzen, CJ., Proceedings of the . 
National Academy of Sciences. U.S.A. Vol. 89. 11745-11749(1992). herein incorporated by 
reference. 

EXAMPT.R T. 

A. Construction ofHepatitisB Surface Antigen Expression Vector pHVA-1 

Referring initially to the diagrammatic plasmid constnict Ulustrated In Figure 1, the DNA 
sequence encoding for HBsAg contained within restriction endonuclease sites Pst I-Hiiid m on 
plasmid pWRmBs-3 was excised and subsequenUy ligated into the unique Bam Hl-Sst I site of die 
excised b«a^Iucuronidase (GUS) gene on plasmid pBI21 to construa die binary vector plasmid 
pHVA-1. 

Plasmid pB121. obtained from Qonetech Laboratories. Inc., Palo Alto, CA. has cleavage 
sites for the restriction eodonudeases Bam HI and Sst I located between the CaMV 35S promoter and 
tbe GUS structural gene Initiation sequence and between the GUS gene termination sequence and the 
NOS polyadenylation signals, respectively. Plasmid pB121 was selected smce the GUS structural 
gene can be excised from the plasmid us'mg Bam HI and Sst I, another structural gene oicoding an 
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antigenic protein can be inserted, and the new gene will be funaionally active in plant gene 
expression. Plasmid pB121 also contains a NPT II gene encoding neomycin phosphotransferase II; 
this is an enzyme that confers Kanamycin resistance when expressed in transformed plant cells, 
thereby allowing the sdecUon of cells and tissues with integrated T-DNA^^ The NPT II gene is 
flanked by promoter and polyadenylation sequences from a Nopaline synthase (NOS) gene. 

The HBsAg DNA coding sequence?*-*^ was isolated from the plasmid pWR/HBs-3 (constructed 
at the Institute of Cell Biology in China) as a Pst I - Hind III fragment. This fragment was digested 
with Klenow enzyme to create blunt ends; the resultant fragment was ligated at the S* end with Bam 
HI linkers and at the 3* end with Sst 1 linkers, and then inserted into the pB121 plasmid at the site 
^ere the GUS coding sequence had been excised, thereby creating plasmid pHVA-1 as shown in 
Figure 1. 

The plasmid vector pHVA-1 then contains 1) a neomycin phosphotransferase n (NPT II) gene 
which provides the sdectable marker for kanamycin resistance; 2) a HBsAg gene regulated by a 
.'^auliflower mosaic virus (CaMV 35S) promoter sequence; and 3) right and left T-DNA border 
^ Sequences which effectively cause the DNA sequences for tfie NOS and HBsAg genes to be 
If transferred to plant cells and integrated into the plant genome. The diagrammatic structure of pHVA- 

is shown in Figure 2. 
§TB. Transfer of Binary Vector, pHVA-1, to A. tumefadens 

;^ Plasmid pHVA-1, containing the HBsAg gene, was transferred to A* tumefaciens strain 

|iJ-BA4404 obtained from Qontech Laboratories, Inc, This strain is widdy used since it is 
; ^disarmed"; that is, it has intaa vir genes, but the T-DNA region has been removed by in vivo 
I ^deletion techniques. The yir genes work in trans to mediate T-DNA transf^ to plants from the 
^"'plasniid pHVA-1, ^ ■ 

A- tumefaciens was cultured in AB medium^ containing two-tenths milligrams per milliliter 
(0.2 mg/ml) streptomycin until tilie optical density (O.D.) at six hundred nanometers (6CX) nm) of the 
culture reaches about five tenths (0^. The cells are then centrifuged at 2000 times gravity (2000 
XG) to obtain a bacterial cell pelleL The A probacterium pell^ was resuspended in one mUliliter of 
ice cold twenty millimolar calcium chloride (20 mM (^(S^). Five tentiis microgram (0.S ms) of 
plasmid pHVA-1 DNA was added to two tenths milliliters (0.2 ml) of tfie calcium chloride suspension 

> of tumefaciens cells in a one and five tendis milliliter (1^ ml) microcentrifuge tube and incubated 
on ice for sixty minutes. The plasmid pHVA-1 DNA and A- tumefaciens cells mixture was frozen 
in liquid nitrogen for one minute, Aawed in a twenty-five d^ee Celsius (25''Q water bath, and then 
mixed with five volumes or one milliliter (1 ml) of ridi MGL medium.^ The plasmid pHVA-1 and 
A. tumefaciens mixture was then incubated at twenty-five degrees Celsius (ZS^'Q for four hours with 

> gentle shaking. The mixture was plated on LB, luria brotfa,^ agar medium containing fifty 
micrograms per milliliter (SO /tg/ml) kanamycin. Optimum drug concentration may differ dq>ending 
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a peak near the 60S ribosomal subunit, and the serum-derived HBsAg material sedimented in a 
somewhat sharper peak just slighUy slower. This dau is consistent with the finding that human 
HBsAg sediments at 55S.^ The observation that the plant rHBsAg material sedimented slighdy faster 
and with a broader peak than the human HBsAg is consistent with the larger mean size of the rHBsAg 
plant particles and the wider range of particle sizes. 

The buoyant density of the rHBsAg particles from transgenic tobacco plants in cesium 
chloride. Figure 9, was found to be approximately one and sixteen hundredths grams per milliliter 
(1.16 g/ml), while the human HBsAg particles showed a density of about one and two tenths grams 
per miUUiter (1.20 g/ml). TTius, the rHBsAg from the transgenic tobacco plants exhibits 
sedimentation and density properties that are very similar to the subviral HBsAg particles obtained 
from human serum. Most importanUy, HBsAg in the particle form is much more immunogenic than 
that found in the peptide form alone.' 

H. Reproduction of HBsAg Tkansgenic Tobacco Plants 
} Reproduction of transgenic plants was accomplished as stated in Example I. 

EXAMPLE m 

^ A. Transformation of Tomato with HBsAg Gene 

^ycopersipopi espilentui^i var. VFN8, was transformed as in Example H. B and C 
by the leaf disc method using Agrobacterium tumefaciens strain LBA4404 as a veaor, McCormick 
et al., 1986.» A- pimefacien,'; cells harboring plasmid pHB102, constructed as in Example H. A.2, 
which carries the HBsAg coding region fused to the tobacco etch virus untranslated leader, Carrington " 
& Freed, 1990," and the cauliflower mosaic virus 35S promoter, were used to infect cotyledon 
explants from seven day old seedlings. The explants were not preconditioned on feeder plates, but 
infected directly upon cutting, and co-cultivated in the absence of selection for .two days. Explants 
were then transferred to medium B. McCormick et al., 1986,» containing five-tenths milligrams per 
mUIilter (OJ) mg/ml) carbenicUlin and one^enth mUligram per mUlUiter (0.1 mg/ml) kanamycin for 
selection of transformed callus. Shoots were rooted in MS medium containing one-tenth mUligram 
per mUlUiter (0.1 mg/ml) kanamycin but lacking hormones, and transplanted to soU and grown in a 
greenhouse. 

Several independent kanamycin-resistant callus lines were obtained after Agrobacterium- 
mediated transformation of the tomato variety YFN8. One of these lines regenerated shoots with high 
freguency and was rooted and grown in soil in the greenhouse. The tissues from tiiese plants were 
used for tiie protein and RNA analyses. 
B. Quantitation of HBsAg in Leaves and Fruits 

Plants tissues were extracted by grinding in a mortar and pestie with soli(i carbon dioxide 
(COj), and suspended in three volumes of buffer containing twenty mUl'mioIar (20mM) sodium 
phosphate, one hundred fifty millimolar sodium chloride (150 mM NaQ), five tentiis mUruiolar 
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phenylmethylsulfonyl fluoride (0.5 mM Pl^SF). one tentl, percent (0.1%) Triton X-100. pH 7 0 
After centrifuging the homogenate at ten thousands times gravity (10.000 xg) for five minutes at four 
degrees Celsius (4-C). aliquots of the supernatant were assayed for total soluble protein by the 
method of Bradford- and for HBsAg with the Auszyme U kit (Abbott Laboratories) as described in 
5 Example II. E. 

HBsAg Levels in Transformed Tomato Tissues 

In order to test for accumulation of HBsAg protein in transgenic plants, extracts of leaf and 
fhirt were made, which were used for HBsAg^pecific ELISA. A standard curve was obtamed using 
authentic HBsAg which was derived from the serum of infected individuals. Table 1 shows the levels 
0 of accumulation of HBsAg in leaves and ripe fruit of transgenic plants. Young leaf and red fruit fh,m 
greenhouse-grown transgenic tomato plants were extracted and assayed for total soluble protein and 
HBsAg as described above. Similar tissues from untransformed control tomato plants showed very 
low background for HBsAg. 
I THe level found in tomato leaves is simUar to the highest level fomul in leaves of transgenic tobacco 
> m byMasonetal..l992» andrepresents0.007%ofthetotalsolubleprotein. The amount of HBsAg 
m npe fruit was somewhat lower. 0.0043%. or 87 ng/g fresh weight. SimUar extracts of 
m untransformed tomato leaves showed negligible amounts of anti-HBsAg reactive material, at least 
IP 50-fold lower than the transformed plants. 

nie level of expression in the tomato fruit, although somewhat lower on a total protein basis 
y represents a substantial proportion of the whole plant accumulation of HBsAg because the fruit ar't" 
g much more dense than the leaves. A small tomato wdghing one hundred grams would comain 
q approximately nine micrograms (9 ^) of HBsAg. 

Table 1. 

HBsAg Levels in Transgenic Tomato Leaf and Fruit 

ng/n^ total 
soluble protdn (%) 

^ 70 (0.007%) 

''™*'*('^) 43 (0.0043%) 



ng/g fresh weight 
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C. RNA Extraction and Northern Blotting 

RNA was extracted as described in Example n. D.. except that the tissues were ground with 
sow carbon dioxide (CX>^ instead of liquid nitrogen (N^. RNA was fractionated and bIo«ed to nylon 
membranes (Boehringer-Mannbeim). fixed by irradiation on a ultraviolet transUluminator for three 
minutes, and air dried. Total RNA dn the blot was visualized by staining wid, twenty-five hundredti« 
percent (0.25%) methylene blue per twenty-five hundredths molar sodium acetate (0.25 M NaOAc). 
pH 4.5 for five minutes and desciining with water. Hie blot was tfien prehybridized in twenty-five 
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hundredths molar (0.25 M) sodium phosphate, pH 7.0, ten millimolar ethylenediaminetetraacetic acid 
(10 mM EDTA), seven percent sodium dodecyl sulfate (7% SDS) for one hour at sixty-eight degrees 
Celsius (68**C) and probed with digoxygenin-labeled random^rimed DNA made using the HBsAg 
cbding regibn as template according to ^ t^^^^ instructions (Genius 2 Kit, 

Boehringer-Mannheim). After washing the blot twice with forty millimolar (40 mM) sodium 
phosphate, pH 7.0, five percent sodium dodecyl sulfate (5% SDS) at sixty-eight degrees Celsius 
(eS'^C) and twice with forty millimolar (40 mM) sodium phosphate, pH 7.0, one percent sodium 
dodecyl sulfate (1% SDS) at sixth-eight degrees Celsius (68 »C), the hybridized RNA was detected 
by probing with anti-digoxygenin-alkaline phosphatase conjugate and devdoping color for sixteen 
hours according to the manufacturer's instructions (Genius 2 Kit, Boehringer-Mannheim). 

The activity of the HBsAg gene in transgenic plants was assessed by RNA blotting. Total 
RNA isolated from transformed tomato leaves and green fruit and from untransformed leaves was 
fractionated in a denaturing agarose gel, transferred to a nylon membrane, and hybridized widi 
random^rimed digoxygenin^abeled probe made using the HBsAg coding sequence as template. 
Figure lOA shows that RNA firom transformed tomato leaf and fruit hybridized with the HBsAg 
probe, wUle RNA from untransformed leaf showed no detectable signal. The level of HBsAg mRNA 
in leaves was approximately three to five times greater than in fruit, on a total RNA basis. Figure 
lOB shows a similar RNA blot stained with methylene blue to reveal the total RNA patten, and 
indicates that the samples were loaded with equivalent amounts of total RNA. Thus, the HBsAg 
transgene is transcribed faithfully in transgenic tomato leaf and fruit, and accumulates to substantial 
levels. The yield of RNA from ripe fruit was poor, and was not analyzed by RNA blotting. 
D. Tissue Blotting for HBsAg Detection 

Leaves of transformed or untransformed tomato plants were excised and pressed on fine-grain 
sandpaper before blotting abaxial side down on nitiocdlulose. Tomato fruits were sectioned with a 
razor blade and pressed onto nittoceUulose for 30 sec. Ibe blot was blocked widi 5% nonfet dry nulk 
in 10 mM sodium phosphate, pH 7.2, 140 mM NaQ, 0.05% Tween-20, 0.05% NaN3 (PBST)for 2 
hr at 37 ^^C. The blot was probed with mouse monoclonal anti-HBsAg (Zymed Laboratories) at 
1:1000 dUution in 2% nonfat dry nulk in PBST for 2 hr at 23*C, before washing and detec^on with 
goat anU-mouse IgG-alkaline phosphatase conjugate (BioRad) and development with NBT and BCaP 
according to manufacturer's mstructions (Genius 2 Kit, Boehringer-Mannheim). 

Tissue blots on nitrocellulose, probed wifli monoclonal anti-HBsAg, as seen in Figure 11, 
graphically demonstrate tiie presence of HBsAg in the transformed tomato tissues. Because ttiis 
antibody does not react with SDS-dcnatured HBsAg, it was not possible to detect HBsAg on western 
blots of SDS-PAGE fractionated leaf proteins. Figure 1 1 shows a tissue blot of transformed and 
untransformed tomato leaf and transf3rmed tomato fruit. The faint color of the unu^formed leaf 
blot on the left is from dilorophyll; very little purple staining was observed. The transformed leaf 



EXAMPT F TV 

The Transmissible Gastroenteritis Viru<: m:n\n r.r.A' 
d^ibedin Sanchez «al .992" ™ 11 T ' "^^^ '"P""* 

CA) as a PCR pnoduc cloned ,„,„ plasmid pGEM-T (Promega Con, Madison wn tk I 
^ ~ s. base pai. «*p, „ps„ea™ or .e .ans,a..n Lai;:: :;:: 

<r>asene, L. JolU, CA) which was previously dij„.ed with Smal and Xho. -n,. , • 
P.asn>id. PTG5-, was d,en di,es«d wid. Ban,„, and Xhol and d,e ,.2 ^^.Z^^. '^^^ 
The 3 3 kiloh«P /vm vh^i /c^t ^ tiJooase (kb) fragment isolated . 

isolld IT ? ''"''"""^ 3- «> Of d.e S-p^ein coding region ^s 

.sola^d and hgared „ged.er wid. d.e Bobas. Ocb) Ban«I«hoI *ag„^ fto„ ' ' "IL™ 

ui^csicQ wim BamHI and Sstl. The resultinff olasmlrf nirc Tr- ^ 
^- • *«*uiuug piasnua, pKS-TG, was tiien dipe<:tt^ Mf\ih vt^^rsi j 

from the GUS coding region. Plasmid pPS20 is a derivative of dBIIOI^ , ^ 

br'------«-»--fon..p,a... JrlCL^^^ 

W Sim,Kin coding region do^stteam of d,epau„i„p™„„^ S P 3^">.d. pPS-TG. conuuns d,e_ 

a..^p,3n.,and.,ow.^.enopa.:s,.r:::;:r^^ 

1=1 B. Potato TransformaUon 

C. AmIj^ of Sllroldn Erpwsslon in Microtobera 

ToURNAw.s««c«dlromn>icn«„bersustagd...«h„dofMaso.«,dM„,le.- «<«™ 

^A by RNA do. blo^ng. and hybridlraUon wia, a digoxygenin^abded probe by Ido- 

Xhomal f.^ fton. d.e coding region *e TCEV S^n„.i. gene was ^ for 
pn-b. syntbes. Hybridi^ion and de.«ion were done as per ins^cUons (GeninsT^J 



Boehringer-Mannheim, Indianapolis, IN), except that the hybridization buffer contained twenty-five 
hundredths molar (0.25 M) sodium phosphate, pH 7.0, five percent (5%) sodium lauryl sulfate, and 
ten nullimolar ethylenediaminetetraacetic acid (lOmM EDTA). The results were only qualitative, but 
indicate that tiiere was a range of different levels of expression of S-protein mRNA among the 
independent transforraants, as is expeaed for a random insertion of the foreign gene into the host 
plant genome. 
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The foregoing description of the invention has been directed to a particular preferred 
embodiments in accordance with the requirements of the patent and sututes and for purposes of 
explanation and illustration. It will become apparent to those skilled in the art that modifications and 
changes may be made without departing from the scope and the spirit of the invention. 
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